INTRODUCTION
Retinoids have been shown to regulate various physiological functions (1, 2) . Retinoids are known to be required for vertebrate reproduction, and in the male, for the maintenance of normal testicular structure and function. Retinol deficiency leads to cessation of spermatogenesis and degeneration of the seminiferous tubules (3, 4) . Previously a number of novel retinoic acid (RA)-responsive genes, collectively designated as the Stra genes, had been isolated in the mouse (5) (6) (7) (8) (9) . The Stra8 gene encodes a cytoplasmic protein and is expressed specific to the developing male gonad during mouse embryogenesis. In adult mouse, its expression is restricted to the premeiotic germ cells. Thus it has been suggested that the mouse Stra8 protein may play a role in the premeiotic phase of spermatogenesis (10) .
Recently a lot of genes that are expressed only in male germ cells have been isolated in the mouse (11) . In the present work a systematic search was carried out for genes expressed in mouse spermatogonia but not in somatic tissues. The mouse Stra8, Rnh2, Piwil2, Tex17, and Tuba7 were identified as testis-specific expressed genes. In addition, the Figla was known to be a testis-and ovary-specific gene. Previously we had reported the isolation of the human RNH2 cDNA and its expression, which is limited to the human testis (12) . In this study, we have isolated full-length cDNA of STRA8 and partial cDNAs of PIWIL2, FIGLA, TEX17, and TUBA7, and analyzed their expression patterns in human tissues.
Materials and Methods
Isolation of Human RNH2 cDNA. The mouse Stra8 cDNA was isolated as done previously (10) . Using mouse amino acid sequences (NM 009292 in GenBank), we found the region including homology in amino acid level in the human genome sequences (AC009330 in GenBank). The primers encompassing introns, STRA81F, STRA82F, STRA81R, and STRA82R, were made using homology, and nested RT-PCR was performed with mouse testis cDNA library (Clontech) as a template. The resultant PCR product was sequenced in both directions. 5 RACE and 3 RACE were carried out with the primers STRA85RACE1, STRA83RACE1, and ST RA83RACE3. The used oligonucleotides were the following: STRA81F; 5 -GCACAGCTGCAGGAGC TTGAG-3 , STRA82F; 5 -GGAGACGGCTGTCC CAGG-3 , STRA81R; 5 -GCTGAAACTTCTCCTC TGGG-3 , STRA82R; 5 -CTCTGGGTTTTCTGGG TTGC-3 , STRA85RACE1; 5 -ACAGGTGGGAGA TGGCCGCGGAGACG-3 , STRA83RACE1; 5 -ATCGTCTCCGCGGCCATCTCCCACCTG-3 , ST RA83RACE3; 5 -AGAAACACCGCGGCCCTGC GACCCTG-3 . Both RACE products were sequenced in both directions. The isolated full-length cDNA sequences were compared to human genome sequences.
Expression Analysis by RT-PCR. For the expression analyses of the human STRA8, PIWIL2, and FIGLA, RT-PCR was performed with the primers STRA81F, STRA82F, STRA81R, and STRA82R (STRA8); PIWIL2F1 and PIWIL2R1 (PIWIL2); FIGLA1F, FIGLA2F, and FIGLA1R (FIGRA). The used oligonucleotides were the following: PIWIL2F1; 5 -TCATGTACGGCAGGGCTGTG-3 , PIWIL2R1; 5 -CTACAGGGTTGGAGAAAGGG-3 , F1FIGLA 1F; 5 -TGCCGGCTCAAGCGGCTG-3 , FIGLA2F; 5 -CTACTCGTCCACTGAAAACC-3 , FIGLA1R; 5 -TGCCCAAGGCCCTTCCTCTTC-3 . The analyzed human cDNA were the following: spleen, thymus, prostate, testis, ovary, small intestine, colon, leukocyte, brain, heart, kidney, liver, lung, and pancreas (Clontech).
Expression Analysis by Northern Blot. To detect expression patterns in a variety of tissues, the isolated partial-cDNAs of the human TEX17, and TUBA7 were hybridized to ready-made filters (an RNA panel from the heart, brain, placenta, lung, liver, skeletal muscle, kidney, and pancreas) for northern blot analysis (Multiple Tissue Northern Blot, Clontech). The probes were made by RT-PCR with the primers that include no introns: TEX17F1, TEX17 F2, TEX17R1, and TEX17R2 (TEX17); TUBA7F1, TUBA7F2; TUBA7R1 and TUBA7R2 (TUBA7). The used oligonucleotides were the following: TEX 17F1; 5 -CAGATCTTTTTGCCTGGTGC-3 , TEX 17F2; 5 -CTGTCAAAGATGCTTTGGC-3 , TEX17 R1; 5 -ACTGTGTTGAAACGGGAC-3 , TEX17R2; 5 -AGAA CGCATTGGGTGGTGTGTG-3 , TUBA 7F1; 5 -CCCTGCTCATAGAACGTCTC-3 , TUBA 7F2; 5 -GCAAGAAGTCCAAGCTGGAG-3 , TUB A7R1; 5 -TCAGCAGAAATGACAGGGG C-3 , T UBA7R2; 5 -GCCAGAGGGAAGTGGAT GTG-3 .
RESULTS
We found partial nucleotide sequences representing a putative human STRA8 gene in the human genome sequences (Homo sapiens clone RP11-83M17 from 7q31). To isolate human STRA8 cDNA, nested RT-PCR was performed with primers STRA81F, STRA82F, STRA81R, and STRA82R. The resultant nested-PCR product was sequenced in both directions. Based on the sequences, the primers were made and 5 RACE and 3 RACE were carried out. Both PCR products were sequenced. The STRA8 cDNA containing whole open reading frame (ORF) is 993 bp (GenBank accession no. AF513502). The genomic structure of STRA8 was determined by comparison of the cDNA sequence with genomic sequence found in the HTGS database. A BLAST search with the STRA8 cDNA sequence showed identical regions in chromosome 7 sequence (Hs7 7845 in GenBank). The ORF region of the human STRA8 has nine exons and eight introns. The putative protein of STRA8 consists of 330 amino acid residues. As shown in Fig. 1 , human STRA8 protein has some homology to mouse stra8 (55% identity overall) and several putative phosphorylation sites for protein kinase A and C, casein kinase 2, and proline-dependent kinases (13) . However, the human protein does not have glutamine acid rich domain different from that of mouse (bold letters) (Fig. 1) .
To determine the expression patterns of the human STRA8 in normal tissues, RT-PCR was performed with various tissues as templates. RT-PCR was carried out with primers STRA81F, STRA82F, STRA81R, and STRA82R. The 591-bp-sized band was clearly detected specifically in the testis with STRA8 cDNA (Fig. 2(A) ). No bands could be detected in the other 15 tissues. Then, the human STRA8 is expressed specific to testis like the mouse Stra8. On the other hand, the partial cDNA fragments of FIGRA and PIWIL2 were amplified as described under Materials and Methods. In mouse, the Piwil2 is expressed specific to the testis and the expression of the Figla is limited to the testis and ovary. However, the human FIGRA is expressed not only in the testis but also in the lung, liver, and pancreas. In addition, the human PIWIL2 is expressed in the various tissues (Fig. 2(A) ). Similarly it was demonstrated by northern blot hybridization analysis that the human TEX17 and TUBA7 are expressed in the various tissues (Fig. 2(B) ).
DISCUSSION
In this study, we report the isolation and characterization of human cDNA encoding stimulated retinoic acid 8, STRA8. The mouse protein of the Stra8 has glutamic acid rich domain that is found in several proteins such as the centromere autoantigen protein B, troponin T, or neurofilaments L, M, and H. However, deduced protein of the human STRA8 had no glutamic acid rich domain. Then, it was suggested that the function of human STRA8 protein might be different from that of the mouse. However, human STRA8 protein also has several putative phosphorylation sites like the protein of the mouse (Fig. 1) .
In mouse, the Stra8, Piwil2, Tuba7, and Tex17 are expressed only in the testes, and they especially they are limited to their spermatogonia (11) . In addition, the mouse Figla is also expressed only in the testis and ovary. However, in this study it we found that these human genes, except for STRA8 were expressed not only in the germinal tissues but also in the various somatogenic tissues. The amino acid sequences had some homologies; however, they may have other biological functions from their expression patterns.
The mouse Stra8 gene is expressed specific to the testis. In addition, the expression is limited to the germ cell and not found in the somatic cells (11) . The expression was strongly detected in spermatogonia. In this study, the expression analysis on histological level was not performed on the human STRA8. Then, it has not been unclear whether the expression of human STRA8 is germ-cell-specific or not.
In summary, the present study suggests that the human STRA8 can be expressed only in the testis. It is not known whether its expression is specific to germ cell or not. However, in the male, retinoids are required for the maintenance of normal testicular structure and function. Retinol deficiency leads to cessation of spermatogenesis. Then, from the expression patterns and homology of amino acid sequences between mouse and human, it is suggested that the human STRA8 may play some roles in human spermatogenesis. Northern blot hybridization analysis of human TEX17 and TUBA7. At least three clear bands (testis, small intestine, and colon) were detected in the human TEX17 and all bands of the examined tissues were seen in the human TUBA7.
